We report multi-color optical imaging and polarimetry observations of the afterglow of the first TeVdetected gamma-ray burst, GRB 190114C, using the RINGO3 polarimeter on the 2-m autonomous robotic Liverpool Telescope. Observations begin 201 s after the onset of the GRB and continue until ∼ 7000 s post-burst. High temporal resolution (∆t 2.3 − 4.6 s) and dense sampling of the RINGO3 light curves reveal a chromatic break at t ∼ 400 − 500 s -with initial temporal decay α ∼ 1.5 flattening to α ∼ 1 post-break -which we model as a combination of reverse and forward-shock components, with magnetization parameter R B ∼ 40. The observed polarization degree P ∼ 2 − 4% remains steady throughout the first ∼ 2000-s observation window, with a constant position angle. Broadband spectral energy distribution modeling of the afterglow confirms GRB 190114C is highly obscured (A v,HG = 1.49 ± 0.12 mag; N H,HG = (9.0 ± 0.03) × 10 22 cm −2 ). The measured polarization is therefore dominated by dust scattering and the intrinsic polarization is low -in contrast to P > 10% measured previously for other GRB reverse shocks. We test whether 1st and higher-order inverse Compton scattering in a magnetized reverse shock can explain the low optical polarization and the sub-TeV emission but conclude neither is explained in the reverse shock Inverse Compton model. Instead, the unexpectedly low intrinsic polarization degree in GRB 190114C can be explained if largescale jet magnetic fields are distorted on timescales prior to reverse shock emission.
INTRODUCTION
Through the span of milliseconds to hundreds of seconds, gamma-ray bursts (GRBs) are the brightest sources of γ-ray photons in the universe. The accretion onto a compact object (e.g., a neutron star or a black hole) powers ultra-relativistic jets that via internal dissipation processes (e.g., internal shocks or magnetic reconnection) generate the characteristic and variable γ-ray prompt emission. Subsequently, the expanding ejecta collides with the circumburst medium producing a long-lived afterglow that can be detected at wavelengths across the electromagnetic spectrum (e.g., Piran 1999; Mészáros 2002; Piran 2004) .
GRB outflows provide a unique opportunity to probe the nature of GRB progenitors -thought to involve the core-collapse of massive stars or the merger of compact stellar objects (Woosley 1993; Berger 2014; Abbott et al. 2017b ,a) -as well as acting as valuable laboratories for the study of relativistic jet physics (e.g. jet composition, energy dissipation, shock physics and radiation emission mechanisms) and their environments.
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At the onset of the afterglow, two shocks develop: a forward shock that travels into the external medium and a short-lived reverse shock which propagates back into the jet Kobayashi 2000) . The interaction between the outflow and the ambient medium can be quantified by the magnetization degree of the ejecta σ B , defined as the ratio of magnetic to kinetic energy flux. In a matter-dominated regime (σ B 1; baryonic jet), the standard fireball model conditions are satisfied and internal shocks are plasma-dominated (Rees & Meszaros 1994) . For increasing σ B , the reverse shock becomes stronger until it reaches a maximum at σ B ∼ 0.1 and it becomes progressively weaker and likely supressed for σ B 1 (Zhang et al. 2003; Fan et al. 2004; Zhang & Kobayashi 2005; Giannios et al. 2008) . For an outflow highly magnetized at the deceleration radius (σ B 1; Poynting-flux jet), the magnetic fields are dynamically dominant, prompt emission is understood in terms of magnetic dissipation processes and the ejecta carries globally ordered magnetic fields (Usov 1994; Spruit et al. 2001; .
Observations of the optical afterglow show low or no polarization at late times (∼1 day) when the forward shock -powered by shocked ambient medium -dominates the light curve (e.g., Covino et al. 1999) . In contrast, the prompt and early-time afterglow emission from the reverse shock are sensitive to the properties of the central engine ejecta. At this stage, different polarization signatures are predicted for magnetic and baryonic jet models. In a Poynting-flux dominated jet, the early-time emission is expected to be highly polarized due to the presence of primordial magnetic fields advected from the central engine (Granot & Königl 2003; Fan et al. 2004; Zhang & Kobayashi 2005) . In a baryonic jet, tangled magnetic fields locally generated in shocks are randomly oriented in space giving rise to unpolarized emission for on-axis jets (Medvedev & Loeb 1999) or mild polarization detections for edge-on jets Sari 1999) . Therefore, early-time polarization measurements of the afterglow are crucial for diagnosing its composition and discriminating between competing jet models.
Polarization measurements are technically challenging and reverse shock detections remain rare (e.g., Japelj et al. 2014 ). However, the advent of autonomous optical robotic telescopes and real-time arcminute localization of GRBs has made these observations feasible (Barthelmy et al. 2005; Steele et al. 2004 ).
The first early-time polarization measurement in the optical was achieved with GRB 060418 (Mundell et al. 2007 ). The fast response of the polarimeter allowed observations during the deceleration of the blast wave, be-ginning 203 s after the GRB. The upper limit of 8% at this time favored either reverse shock suppression due to a highly magnetized ejecta or ruled out the presence of large-scale ordered magnetic fields with dominant reverse shock emission.
The measurement of 10±1% during the steep decay of GRB 090102 reverse shock -measured only 160 s postburst -was the first evidence that large-scale ordered magnetic fields are present in the fireball (Steele et al. 2009 ). The 6 +3 −2 % and 6 +4 −3 % detection during the rise and decay of GRB 101112A afterglow and the 13 +13 −9 % measurement during the rapid rise of GRB 110205A afterglow indicated reverse shock contribution (Steele et al. 2017) . GRB 120308A polarization gradual decrease from 28 ± 4% to 16 +5 −4 % revealed that these largescale fields could survive long after the deceleration of the fireball (Mundell et al. 2013) . The time-sampled polarimetry for both GRB 101112A and GRB 120308A indicated that the polarization position angle remained constant or rotated only gradually, consistent with stable, globally ordered magnetic fields in a relativistic jet. The first detection of polarized prompt optical emission was reported by Troja et al. (2017) for GRB 160625B.
In combination, the existence of bright reverse shock emission theoretically requires a mildly magnetized jet and the early-time polarization studies favor the presence of primordial magnetic fields advected from the central engine.
GRB 190114C is the first of its kind to be detected by the Major Atmospheric Gamma Imaging Cherenkov Telescope (MAGIC) at sub-TeV energies (Mirzoyan 2019) , challenging GRB models for the production of GeV-TeV energies (Ravasio et al. 2019; Fraija et al. 2019; Derishev & Piran 2019; Wang et al. 2019; Ajello et al. 2019) . Moreover, GRB 190114C prompt emission was followed by a very bright afterglow, which makes it an interesting candidate for time-resolved polarimetric observations at early times (Mundell et al. 2013; Troja et al. 2017; Steele et al. 2017) .
In this work, we present the early-time multicolor optical imaging polarimetric observations of GRB 190114C with the RINGO3 three-band imaging polarimeter (Arnold et al. 2012 ) mounted on the 2-m autonomous robotic optical Liverpool Telescope (LT; Steele et al. 2004; Guidorzi et al. 2006) . The paper is structured as follows: the data reduction of Liverpool Telescope observations are reported in Section 2; in Section 3, we characterize the temporal, polarimetric and spectral properties of the burst in three optical bands with observations starting 201 s post-burst; in Section 4, we discuss possible interpretations of the optical afterglow in terms of closure relations and we infer the strength and struc-10 −2 10 −1 10 0 10 1 10 2 10 3 10 4 10 5 10 6
T − T 0 (s) ) and HCT (Kumar et al. 2019a; Singh et al. 2019) . GCNs observations do not include any filter corrections. In the x-axis, T0 corresponds to BAT trigger time; in the y-axis, the flux density is converted to RINGO3 R magnitude.
ture of the magnetic field in the outflow. The results are summarized in Section 5. Throughout this work, we assume flat ΛCDM cosmology Ω m = 0.32, Ω Λ = 0.68 and h = 0.67, as reported by Planck Collaboration et al. (2018) . We adopt the convention F ν ∝ t −α ν −β , where α is the temporal index and β is the spectral index. Uncertainties are quoted at 1σ confidence level unless stated otherwise.
OBSERVATIONS AND DATA REDUCTION
On 2019 January 14 at T 0 =20:57:03 UT, Swift Burst Alert Telescope (BAT; Barthelmy et al. 2005) triggered an alert for the GRB candidate 190114C and immediately slewed towards its position . Other telescopes also reported the detection of GRB 190114C γ-ray prompt as a multi-peaked structure: Konus-Wind (KW; Frederiks et al. 2019 Xiao et al. 2019) . At T 0 + 50 s, the Cherenkov telescope MAGIC detected the burst at energies higher than 300 GeV with a significance of > 20σ (Mirzoyan 2019) .
Due to the different spectral coverage of the detectors and the presence of soft extended emission (Hamburg et al. 2019; Minaev & Pozanenko 2019; Frederiks et al. 2019) , the long γ-ray prompt was observed to last T 90 = 362 ± 12 s in the 15-350 keV band (BAT; Krimm et al. 2019) , T 90 = 116 s in the 50-300 keV band (GBM; Hamburg et al. 2019), T 90 = 15.7 s in the 200-3000 keV band (Insight-HXMT/HE; Xiao et al. 2019 ) and T 90 = 6.2 s in the 0.4-100 MeV band (AGILE; Ursi et al. 2019) . KW analysis reported an energy peak E peak = 646 ± 16 keV, an isotropic energy E iso = (2.4 ± 0.5) × 10 53 erg, a peak luminosity L iso = (1.67 ± 0.05) × 10 53 erg/s and pointed out that these values follow the Amati-Yonetoku relation within 1σ (Frederiks et al. 2019) .
Seconds to days after the burst, GRB 190114C afterglow was observed at wavelengths from the X-rays to the infrared (see Figure 1 ; references therein) and down to radio frequencies (Laskar et al. 2019a,b; Alexander et al. 2019; Schulze et al. 2019; Volvach et al. 2019; Tremou et al. 2019; Cherukuri et al. 2019) . The fastest response to BAT trigger was at T 0 + 45 s with the 0.4-m MASTER-SAAO telescope which reported a ∼ 11.1 mag detection in the optical . Latter observations started at T 0 + 67 s, T 0 + 74 s and T 0 + 201 s with the Swift X-ray Telescope (XRT; D'Elia et al. 2019), the 0.3-m Ultraviolet/Optical Telescope (UVOT; Siegel & Gropp 2019) and the 2-m Liverpool Telescope (see Section 2.1), respectively. A spectroscopic redshift of 0.4245 ± 0.0005 was measured by the 10.4-m GTC telescope and confirmed by the 2.5-m Nordic Optical Telescope (Selsing et al. 2019; Castro-Tirado et al. 2019) . Additionally, a supernova component was detected 15 days after the burst, confirming a collapsar origin for GRB 190114C (Melandri et al. 2019 ).
Follow-up Observations by the Liverpool Telescope
The 2-m robotic Liverpool Telescope (LT; Steele et al. 2004; Guidorzi et al. 2006 ) started observing the field 201 s after the burst with the multi-wavelength imager and polarimeter RINGO3. For a typical GRB follow-up, the telescope autonomously schedules a series of 3 × 10min observations with RINGO3 followed by a 6 × 10s sequence with the r-SDSS filter of the Optical Wide Field Camera 1 (IO:O). Due to GRB 190114C exceptional brightness, an additional 8 × 10-min integrations were triggered with RINGO3 after IO:O observations. RINGO3 is a fast-readout optical polarimeter that simultaneously provides polarimetry and imaging in three optical/infrared bands (Arnold et al. 2012) . The instrument design includes a rotating polaroid that continuously images a 4 × 4 arcmin field at 8 rotor positions. Each RINGO3 10 -min primary data product is composed of 10 × 1-min exposure frames. These frames are automatically generated by the LT reduction pipeline 2 which co-adds the individual 2.34 -s frames that correspond to a single polaroid rotation and corrects for bias, darks, and flats. For photometry, we integrate the counts over all polaroid positions (see Section 2.1.1); for polarimetry, we analyze the relative intensity of the source at the 8 angle positions of the polaroid (see Section 2.1.3).
Frame Binning and Light Curve Extraction
We use aperture photometry to compute the source flux; in particular, we employ the Astropy Photutils package (Bradley et al. 2016) . The brightness of the OT during RINGO3 observations provided high signal-tonoise ratio even at high-temporal resolution; the source was detected at a signal-to-noise of 60 in each of the first ∼ 10 × 2.34 -s frames. Due to the fading nature of the afterglow, the signal-to-noise of the detection rapidly drops for the following observations (e.g., 200 s later, the signal-to-noise of each 2.34 -s frame had decreased to ∼ 30). By ∼ T 0 + 2000 s, the source was detected in the 1-min frames at signal-to-noise ∼ 25. Consequently, our data choice is to use the 2.34 -s RINGO3 frames for the first 30 -min of observations to allow high-temporal resolution and then, the 1 -min exposures for the succeeding 1.3 hours.
At later times, when the OT has faded, we dynamically co-add frames and accept measurements with a ≥ 20 signal-to-noise detection. With this signal-to-noise criteria, T 0 + 700 s measurements are the result of coadding frames. Integrating at different signal-to-noise ratios does not change the light curve general features: 20 signal-to-noise integrations show additional internal structure that is statistically not significant at 3σ level;
20 signal-to-noise ratios further smooth minor features and reject fainter OT detections at later times.
To test for instrument stability during RINGO3 observations, we study the flux variability of the only star in the field (CD-27 1309; ∼ 11 mag star). Using the OT binning, CD-27 1309 photometry presents a ∼ 0.01 mag deviation from the mean in all bands (or ∼ 1% in flux).
The Optical Wide Field Camera (IO:O) observations started 34.7 min post-burst with the r filter. Given that the OT signal-to-noise ratio is ∼ 40 for each of the 10s frames, we derive its flux from the 6 exposures, individually. IO:O r magnitudes are standardized using five ∼ 14 − 15 mag stars from Pan-STARRS DR1 catalogue (Chambers et al. 2016) . In Table 1 and Figure  1 , we present the IO:O r filter photometry. The IO:O light curve is corrected for the mean Galactic extinction A r = 0.034 ± 0.001 mag (E B−V,MW = 0.0124 ± 0.0005 is derived 3 from a 5 × 5 arcmin field statistic; Schlegel et al. 1998) but not for host galaxy extinction (see Section 3.3.3).
RINGO3 Bandpasses Standarization
After RINGO3 polaroid, the light is split by two dichroic mirrors in three beams that are simultaneously recorded by three EMCCD cameras (Arnold et al. 2012) . In Figure 2 , we derive the photonic response function of RINGO3 instrument which accounts for at-mospheric extinction (King 1985) , telescope optics 4 , instrument dichroics 5 , lenses (Arnold 2017) , filters 67 transmission and the quantum efficiency of the EMC-CDs (Arnold 2017) . The total throughput results in three broad bandpasses with the following mean photonic wavelengths λ 0, {BV,R,I} = 5385Å, 7030Å, 8245Å and full-widths-at-half-maximum FWHM {BV,R,I} = 2232Å, 1130Å, 835Å. Because of the different spectral coverage of RINGO3 bandpasses relative to other photometric systems and the ∼ 0.02 − 0.05 mag photometric precision, we standardize RINGO3 magnitudes in Vega system following Johnson & Morgan (1953) procedure. Observations of four unreddened A0 type stars (HD 24083, HD 27166, HD 50188, HD 92573) and the GRB 190114C field were submitted via LT phase2UI 8 using the same instrumental set-up of the night of the burst and autonomously dispatched on the nights of 2019 January 30-31. We standardize the magnitudes in RINGO3 system using CD-27 1309 star, which adds ∼ 0.05 mag uncertainty to the photometry. Taking into account the notation m = −2.5 log(F ν ) + C ν with F ν in erg cm −2 s −1 Hz −1 (e.g., Bessell et al. 1998; Bessell & Murphy 2012) , we compute the magnitude to flux density conversion C ν by deriving the mean flux density F ν of Vega star (α Lyr) composite spectrum 9 through each RINGO3 band (Bohlin et In Table 1 and Figure 1 , we present the GRB 190114C absolute flux calibrated photometry of RINGO3 BV/R/I bands. All three light curves start at a mean time T 0 + 202.5 s. R and I band photometry ends at ∼ 7000 s post-burst. For the BV band, the stacking does not reach the signal-to-noise ≥ 20 threshold for the last ∼ 800 -s of observations and therefore, the photometry is discarded. Magnitudes and flux density are corrected for atmospheric extinction with M c, {BV,R,I} = 0.14 mag, 0.04 mag, 0.02 mag and F c, {BV,R,I} = 0.89, 0.96, 0.98, respectively, which we compute from a weighted mean of the bandpasses throughput and the theoretical atmospheric extinction of the site (King 1985) . We also correct for the mean Galactic extinction, A {BV,R,I} /E B−V = 3.12, 2.19, 1.73 with E B−V,MW = 0.0124 ± 0.0005 (Schlegel et al. 1998 ), which we derive using Pei (1992) Milky Way dust extinction profile. The light curves are not corrected for host galaxy extinction (see Section 3.3.3).
RINGO3 Polarization Calibration
To derive the polarization of a source with RINGO3 instrumental configuration, we first compute the OT flux at each rotor position of the polaroid with aperture photometry using Astropy Photutils package (Bradley et al. 2016) . The flux values are converted to Stokes parameters q-u following Clarke & Neumayer (2002) procedure and then to polarization degree and angle. Following S lowikowska et al. (2016) methodol- Note-t mid corresponds to the mean observing time, texp to the length of the observation window and SNR to the signal-tonoise ratio of the OT. The Stokes parameters q-u, the polarization degree P and the polarization angle θ are corrected for instrumental effects. P and θ uncertainties are quoted at 2σ confidence level.
ogy to correct for RINGO3 polarization instrumental effects, we use 44 observations of BD +32 3739, BD +28 4211, HD 212311 unpolarized stars and 41 observations of HILT 960, BD +64 106 polarized stars for each band. Due to the positive nature of polarization 10 , measurements are not normally distributed in the low signal-to-noise and low polarization regime (Simmons & Stewart 1985) . Consequently, to derive the confidence levels in the Stokes parameters and polarization, we perform a Monte Carlo error propagation starting with 10 5 simulated flux values for each rotor position. Following Mundell et al. (2013) , we initially infer the polarization of the source with a single measurement, with maximum signal-to-noise. By co-adding the 2.34 -s frames of the first 10 -min epoch, we obtain a signal-to-noise detection of ∼ 130 corresponding to a mean time of ∼ 321 ± 120 s. From this esti-mate, we derive a polarization degree at 2σ confidence level P {BV,R,I} = 2.2 +0.9 −0.8 %, 2.9 +0.9 −0.8 %, 2.4 +0.9 −0.8 %, angle θ {BV,R,I} = 81 ± 12°, 70 ± 9°, 71 ± 11°and Stokes parameters q {BV,R,I} = −0.021 ± 0.006, −0.022 ± 0.006, −0.019 ± 0.006, u {BV,R,I} = 0.007 ± 0.006, 0.019 ± 0.006, 0.015 ± 0.006. In this paper, we quote 2σ confidence levels for the polarization degree P and angle θ because it better reflects the non-gaussian behavior of polarization in the low degree regime.
Polarization is a vector quantity, variation in either or both degree/angle on timescales shorter than ∆t ∼ 240 s can result in a polarization detection of lower degree. To check for variability in polarization on timescales ∆t < 240 s, we dynamically co-add the 2.34 -s frames at a lower signal-to-noise such that they reach a threshold of ∼ 70. With this choice, we can claim polarization variability at 3σ confidence level if we measure a change in the polarization degree of 3%. Integrations at higher and lower signal-to-noise ratios reproduce the results within 1σ; however, because we estimate polarization to be ∼ 2−3%, 50 signal-to-noise integrations Note-The first part of Table 3 includes all the phenomenological models and the second part, the two physical models that relate to a "reverse plus forward shock" scenario. a PL: power-law b BPL: broken power-law are dominated by instrumental noise and are essentially upper limits. The remaining frames of the first 10 -min epoch and the following 2 × 10 -min are co-added as individual measurements to ensure a maximal signal-tonoise. We do not use the next 8 × 10 -min epochs because the signal-to-noise declines below ∼ 10 and falls within the instrument sensitivity; the instrumental noise is dominating polarization detections of 6%.
In Table 2 , we present the Stokes parameters, polarization degree and angle for the three RINGO3 bandpasses. To check for instrument stability, we calculate the star CD-27 1309 polarization using the OT binning choice. CD-27 1309 manifests deviations of ∼ 0.15% from the mean. Due to the sensitivity of polarization with the photometric aperture employed, we check that apertures within 1.5 − 3FWHM yield polarization measurements compatible within 1σ for both CD-27 1309 and the OT.
RESULTS
Here we present the temporal properties of the optical emission (Section 3.1), the optical polarization (Section 3.2) and the spectral analysis of the optical and the Xrays emission (Section 3.3).
The Emission Decay of the Early Optical Afterglow
A simple power-law model yields a poor fit to the RINGO3 light curves (see Table 3 ). Consequently, we attempt a broken power-law fit to each band, which significantly improves the χ 2 statistics (see Table 3 Table 3 . The bottom panel corresponds to the residuals of the fit. In the x-axis, T0 corresponds to BAT trigger time; in the y-axis, the flux density is converted to RINGO3 R magnitude.
ure 3). This result indicates a light curve flattening from α opt ∼ 1.5 to α opt ∼ 1 at t break,{BV,R,I} = 401 ± 10 s, 443 +11 −7 s, 525 +11 −12 s post-burst. There is a discrepancy between the break times of the three bands that cannot be reconciled within 3σ, indicating that the break is chromatic and moving redwards through the bands. Figure 4 . GRB 190114C temporal evolution of the polarization degree (left) and angle (right) for the three RINGO3 bands. In black, we show the maximum signal-to-noise integration. Uncertainties are quoted at 2σ confidence level. Dotted lines correspond to the median value and the shaded region to the maximum polarization degree induced by dust in the line-of-sight: including the highly extincted host galaxy and a small contribution from the MW (EB−V,HG = 0.51 ± 0.04; EB−V,MW = 0.0124 ± 0.0005). T0 corresponds to BAT trigger time.
IO:O r-filter emission decays with a temporal index α opt = 1.0 ± 0.3 similar to RINGO3 BV/R/I emission decay after the break.
Time-resolved Polarimetry in Three Optical Bands
Through the first ∼ 200 − 2000 s post-burst, the timeresolved polarization shows constant degree and angle within 2σ confidence level (see Figure 4 ), ruling out any temporal trend at these timescales or swings in polarization bigger than ∆P∼ 3% for t ∼ 200 − 450 s post-burst and at 3σ confidence level.
The temporal behavior of polarization agrees with the value inferred in Section 2.1.3 from the maximum signalto-noise integration: P {BV,R,I} = 2.2 +0.9 −0.8 %, 2.9 +0.9 −0.8 %, 2.4 +0.9 −0.8 %, θ {BV,R,I} = 81±12°, 70±9°, 71±11°(see Figure  4 black observations) and the median value: P {BV,R,I} = 3.1 ± 0.4%, 3.0 ± 0.6%, 2.5 ± 0.7%, θ {BV,R,I} = 68 ± 3°, 71 ± 9°, 78 ± 7°(quoting the median absolute deviation; see Figure 4 doted lines). The behavior is the same in all three bands.
The Spectral Evolution of the Afterglow
To spectrally characterize GRB 190114C during RINGO3 observations, we test for color evolution in the optical (Section 3.3.1), we study the spectral evolution of the 0.3-150 keV X-rays band for the time-intervals of Figure 5 (Section 3.3.2) and we check how the optical and the X-rays connect (Section 3.3.3).
Color Evolution through RINGO3 Bands
Taking advantage of the simultaneity of RINGO3 three-band imaging, we attempt to infer the evolution of the optical spectral index. To guarantee a spectral precision of ∼ 0.05 − 0.06 mag per measurement, we take the lowest signal-to-noise light curve (BV band) and we dynamically co-add frames so the OT reaches a signal-to-noise threshold of ≥ 40. Following, we co-add R/I frames using the BV band binning and for every three-band spectral energy distribution (SED), we fit a power-law.
In Figure 5 , we present the evolution of the optical spectral index β opt ; this index is not corrected for host galaxy extinction (see Section 3.3.3), which makes this measurement an upper limit of the intrinsic β opt . Spectral indexes exhibit a decreasing behavior from β opt ∼ 1.5 to β opt ∼ 1 masked by the uncertainties. Due to the number of measurements available, we perform a Wald-Wolfowitz runs test (Wald & Wolfowitz 1940 ) of all the points against the median value to check for a trend. If there is no real decrease of the spectral index, the data should fluctuate randomly around the median. In this case, a run is a consecutive series of β opt terms over or under the median. The temporal evolution of the spectral indexes displays significantly smaller number of runs than expected with p-value = 2 × 10 −15 , which rejects the hypothesis of randomness and indicates that a temporal trend from soft to harder spectral indexes is likely. This result is in agreement with the chromatic nature of the break observed in the RINGO3 light curves.
The 0.3-150 keV X-rays Spectra
For the X-rays spectral analysis, we use the available BAT-XRT observations that correspond to the timeintervals of Figure 5 . With this choice, the first spectrum is before the slope change of the optical light curve at ∼ 400 − 500 s post-burst (see Section 3.1). Due to the synchrotron nature of the afterglow, the models used for this analysis comprise either a single power-law or connected power-laws.
We extract the time-resolved 0.3-10 keV XRT spectra using the web interface provided by Leicester University 11 based on heasoft (v. 6.22.1). Energy channels are grouped with grppha tool so we have at least 20 counts per bin to ensure the Gaussian limit and adopt χ 2 statistics. The first four time-intervals were observed in WT mode and the final one in PC mode. For modeling WT observations, we only consider energies ≥ 0.8 keV due to an instrumental effect that was reported in Beardmore (2019) . Simultaneous timeresolved, 15-150 keV spectra with BAT are extracted for the first three time-intervals using the standard BAT pipeline (e.g., see Rizzuto et al. 2007 ) and are finally grouped in energy to ensure a > 2σ significance.
The combined BAT-XRT spectra are modelled under xspec (v. 12.9.1; Arnaud et al. 1999 ) using χ 2 statistics with a simple absorbed power-law (powerlaw*phabs*zphabs) that accounts for the rest-framed host galaxy total hydrogen absorption, N H,HG , and the Galactic 12 N H,MW = 7.54 × 10 19 cm −2 (Willingale et al. 2013). By satisfactorily fitting each spectra with a power-law, we find that the 0.3-10 keV and 15-150 keV spectra belong to the same spectral regime and that there is no significant spectral evolution during the first ∼ 200 − 6000 s post-burst. In Figure 6 , we fit all five spectra with a single spectral index. The fit procedure results in an spectral index β x = 0.94 ± 0.02, rest-frame hydrogen absorption N H,HG = (9.3 ± 0.2) × 10 22 cm −2 , χ 2 /d.o.f. = 422/466 and p-value = 0.89. Due to the high column density absorption among the soft X-rays, the slope is mainly constrained by the hard X-rays.
Broadband Spectral Energy Distributions
We obtain the combined BAT-XRT-RINGO3 spectral energy distributions (SEDs) by co-adding those RINGO3 frames that correspond to a given X-rays epoch and then deriving the absolute flux calibrated photometry (see Section 2.1.2).
Broadband SEDs are also modelled under xspec using χ 2 statistics with a simple absorbed power-law (powerlaw*zdust*zdust*phabs*zphabs) that accounts for total hydrogen absorption (see Section 3.3.2), Galactic extinction (E B−V,MW = 0.0124 ± 0.0005; Schlegel et al. 1998 ) and a rest-framed SMC dust extinction profile for the host galaxy (Pei 1992) .
The optical and X-ray fluxes do not connect with a simple absorbed power law. Consequently, we test for a break between the two spectral regimes (using bkn- power model). For all five SEDs, we link all parameters relating to absorption, extinction and spectral indexes and we leave the break frequency as a free parameter for each SED. From the broken power-law fit (see Figure 7) , we obtain a spectral index β opt = 0.43 ± 0.02 for the optical and β x = 0.93 ± 0.02 for the X-rays with χ 2 /d.o.f. = 439/481 and p-value = 0.82. The break evolves as E break, {1,2,3,4,5} = 1.4±0.3 keV, 1.6±0.2 keV, 1.6 ± 0.3 keV, 0.65 ± 0.14 keV, 0.54 ± 0.12 keV. We derive high extinction A v,HG = 1.49 ± 0.12 mag, or equivalently, E B−V,HG = 0.51 ± 0.04, and absorption N H,HG = (9.0 ± 0.3) × 10 22 cm −2 at the host galaxy rest-frame. We achieve compatible results within 1σ for spectral indexes, energy breaks and total hydrogen absorption using LMC/MW dust extinction profiles, which gives A v,HG = 1.64 ± 0.13 mag, 1.72 ± 0.12 mag, respectively.
DISCUSSION

Modeling the Optical Afterglow
In the standard fireball model, possible mechanisms that produce chromatic breaks include the passage of a break frequency through the band, a change in the ambient density profile or an additional emission component (Melandri et al. 2008 ). We rule out that the light curve flattening at ∼ 400 − 500 s post-burst and at magnitude ∼ 14 is due to an emerging supernova - Melandri et al. (2019) reported a supernova component 15 days postburst -or host galaxy contamination. Additionally, optical emission from ongoing central engine activity is unlikely: BAT/XRT emission is already decaying since ∼ 30 s and ∼ 70 s post-burst, respectively (see Figure  1) .
Several GRBs exhibit a similar light curve flattening from α opt,1 ∼ 1.3 − 1.6 to α opt,2 ∼ 0.8 − 1.1 in the optical at early times; see Table 4 : GRB 021211 (Fox et al. 2003) , GRB 050525A (Shao & Dai 2005) , GRB 050904 (Haislip et al. 2006; Wei et al. 2006 ), GRB 060908 (Covino et al. 2010) , GRB 061126 (Gomboc et al. 2008; Perley et al. 2008) , GRB 090102 (Steele et al. 2009; Gendre et al. 2010) , GRB 090424 (Jin et al. 2013 ) and GRB 090902B (Pandey et al. 2010) . Additionally, most of them bear similar spectral and temporal properties to GRB 190114C in both optical and X-rays regimes.
For GRB 021211, GRB 050525A, GRB 061126, GRB 090424 and GRB 090902B, the optical excess at the beginning of the light curve favored the presence of reverse shock emission (Fox et al. 2003; Shao & Dai 2005; Gomboc et al. 2008; Perley et al. 2008; Pandey et al. 2010; Jin et al. 2013 ). Due to a quasi-simultaneous X-rays and optical flare, GRB 050904 light curve was better understood in terms of late-time internal shocks (Wei et al. 2006) . For GRB 090102, Gendre et al. (2010) also considered the possibility of a termination shock caused by a change in the surrounding medium density profile. However, Steele et al. (2009) 10 ± 1% polarization measurement during the steep decay of the afterglow favored the presence of large-scale magnetic fields and therefore, of a reverse shock component. Additionally, Mundell et al. 2013 reported 28 ± 4% polarization degree at the peak of GRB 120308A optical emission, a decline to 16 +5 −4 % and a light curve flattening which was interpreted as a reverse-forward shock interplay. Therefore, we attempt to model GRB 190114C optical emission with a reverse plus forward shock model.
Reverse-Forward Shock Model
Under the fireball model framework, the evolution of the spectral and temporal properties of the afterglow satisfy closure relations (Sari et al. 1998; Zhang & Mészáros 2004; Zhang et al. 2006; Racusin et al. 2009 ). These depend on the electron spectral index p, the density profile of the surrounding medium (ISM or wind), the cooling regime (slow or fast) and the jet geometry. In the reverse shock scenario, the total light curve flux can be explained by a two-component model that combines the contribution of the reverse and forward shock The reverse shock emission produces a bright optical peak when the fireball starts to decelerate at t peak,r , which happened prior to the RINGO3 observations. For ISM, slow cooling regime and with the optical band in between the typical synchrotron and cooling frequency, ν m,r < ν opt < ν c,r , the emission should decay 13 with α r = (3p + 1)/4 ∼ 2 for a typical p ∼ 2.3. Later on, the forward shock peaks when the typical synchrotron frequency ν m,f crosses the optical band. In the ν m,f < ν opt < ν c,f spectral regime, the forward shock emission will follow an expected decay with α f = 3(p−1)/4 ∼ 1, which flattens the light curve. Consequently, the reverse-forward shock model consists of a power-law with a temporal decay α r for the reverse shock component plus a forward shock contribution that has an expected rise 0.5 and decay α f . For GRB 190114C light curves, the forward shock peak time t peak,f happens before or during RINGO3 observations -masked by the bright reverse shock emission.
In the left panel of Figure 8 , we attempt the simplest model by considering that the forward shock peaks before RINGO3 observations (t peak,r , t peak,f 200 s). We leave the reverse and forward shock electron indexes as free parameters. The light curve is best modelled with two power-law components that decay as α opt,r = 3.22 ± 0.09 and α opt,f = 0.968 ± 0.006 (see Table 3 ). However, this model overpredicts by ∼ 1.7 mag early-13 The decay rate is much slower or faster if the observations are in another spectral regime or/and the emission is due to high latitude emission (Kobayashi 2000; Kobayashi & Zhang 2003b) time MASTER data and underestimates by ∼ 1 mag late-time observations in the r band reported in GCNs; a decay of ∼ 0.7 − 0.8 was reported by Kumar et al. (2019b) and Singh et al. (2019) hours to days post-burst, which is inconsistent with the α opt,f derived. In addition, UVOT white band emission is already decaying as α = 1.62 ± 0.04 since ∼ 70 s post-burst with a change to α = 0.84 ± 0.02 at ∼ 400 s (Ajello et al. 2019 ). In the right panel of Figure 8 , we consider a model in which the forward shock peaks during RINGO3 observations. In this model, the two emission components decay as α opt,r = 1.666 ± 0.014 and α opt,f = 0.703 ± 0.011 and the forward shock peaks at t peak,f,{BV,R,I} = 830 ± 21 s, 981±20 s, 1172±23 s (see Table 3 ). Both reverse and forward shock decay indexes are compatible with an electron index p ∼ 1.91. Allowing different peak times for each band is preferred over a fixed peak time model; consistent with a chromatic emergence of the forward shock that moves redwards through the bands. The typical synchrotron break frequency is expected to evolve through RINGO3 bands like ν m,f ∝ t −αm with α m = 1.5; we find α m ∼ 1.3.
Both models are compatible with the spectral evolution of the optical index β opt (see Figure 9 ). Photoionization of dust could also cause similar color evolutionwith a red-to-blue shift -during the very early stages of the GRB and mainly during the prompt phase (e.g., Perna et al. 2003; Morgan et al. 2014; Li et al. 2018 ). However, GRB 190114C blue-to-red color change favors the interpretation of the passage of an additional spectral component through the optical band: the transition from reverse shock dominated outflow to forward shock emission (e.g., see GRB 061126; Perley et al. 2008, GRB Table 3 ; the bottom panels correspond to the residuals of the fits. We also display the data reported in GCNs that cover energy ranges similar to RINGO3 bandpasses: MASTER Tyurina et al. 2019 Figure 9 . Evolution of GRB 190114C optical spectral index (not corrected for host galaxy extinction) with the reverseforward shock models used to fit the optical light curves: in red, the forward shock peaks before observations; in black, the forward shock peaks during observations. T0 corresponds to BAT trigger time.
080319; Racusin et al. 2008 and GRB 130427A; Vestrand et al. 2014 ). GRB 061126 from Table 4 is also identified among the 70 GRBs of Li et al. (2018) classification of color trends as a reverse to forward shock transition. Additionally, the reverse-forward shock scenario is supported by radio data (Laskar et al. 2019b ). Even though both models bear similar χ 2 statistics (see Table 3 ), the model with a forward shock peak during RINGO3 observations is preferred by early and late-time observations over an early forward shock peak time (see Figure 8 ).
The Standard Model for a Normal Spherical Decay
Evidence of a Jet Break in the X-rays?
After the main γ-ray prompt bulk emission 30 s post-burst, BAT light curve presents a tail of extended emission that we model with a simple power-law until ∼ 240 s. This model yields α γ = 0.936 ± 0.015 and χ 2 /d.o.f. = 2524/1112 (see Figure 10 ). We notice that a broken power-law model does not increase the significance of the fit.
GRB 190114C X-rays light curve has no shallow phase (see Yamazaki et al. 2019 for other GeV/TeV events) and decays as α x = 1.345 ± 0.004 through all Swift XRT observations (see Figure 10 ; χ 2 /d.o.f. = 1608/1052), which is similar to the expected α x ∼ 1.2 decay for the normal spherical stage (Nousek et al. 2006; Zhang et al. 2006 ). However, Figure 10 late-time residuals show signs of a possible break as the XRT light curve model tends to overestimate the flux; the last two observation bins lay 2.6σ and 3.8σ away from the chosen model. To account for a possible change of the slope steepness during the late-time afterglow, we fit a broken power-law model which yields α x1 = 1.321 ± 0.005, α x2 = 1.49 ± 0.02 and a break time at (1.8 ± 0.3) × 10 4 s, with χ 2 /d.o.f. = 1530/1051. This means a change of ∆α x = 0.17 ± 0.04 in the temporal decay rate that does not have any spectral break associated; we exclude the passage of a break frequency. For GRB 090102 X-ray afterglow (see Table 4 ), Gendre et al. (2010) finds a similar temporal break from α 1 = 1.29±0.03 to α 2 = 1.48±0.10 at a comparable time 1.9 +1.5 −0.8 × 10 4 s without any spectral change. Consequently, we explore the possibility of a jet break. From formulation, the jet opening angle is
(1) for an ISM-like environment and assuming typical values of circumburst density n = 1 cm −3 and radiative efficiency η = 0.2. Taking into account that the jet opening angle distribution of long GRBs peaks around 5.9° (Goldstein et al. 2016 ), E iso = (2.4 ± 0.5) × 10 53 erg (Frederiks et al. 2019 ) and z = 0.4245 ± 0.0005 (Castro-Tirado et al. 2019) , the jet break should be visible at t j ∼ 10 5 s. A jet break at (1.8 ± 0.3) × 10 4 s -implying θ j ∼ 3.1°-is possible and given the scarcity of GCNs observations around the break time, we cannot rule it out. 
The Optical and X-rays Afterglow
For pure forward shock emission in fireball model conditions, one would expect that if the optical and the X-rays share the same spectral regime, the emission will decay at the same rate. Taking into account that α opt,f = 0.703 ± 0.011, α 0.3−10keV = 1.345 ± 0.004 and α 15−350keV = 0.936 ± 0.015, we find a difference of ∆α f = α x − α opt,f = 0.642 ± 0.012 between the 0.3-10 keV/optical decay rates and ∆α f = 0.23 ± 0.02 for the 15-350 keV/optical emission, which implies that there is at least one break frequency in between the X-rays and the optical. This interpretation is also supported by the need of a spectral break between these two bands that changes the slope by ∆β = 0.50 ± 0.03 (see Section 3.3.3).
For ISM medium, slow cooling regime and with the cooling frequency in between the optical and the X-rays bands, an electron index of p ∼ 1.91 (see Section 4.1.1) implies spectral indexes of β opt,CR ∼ 0.46 and β x,CR ∼ 0.96, which are in agreement with β opt = 0.43 ± 0.02, β x = 0.93 ± 0.02 derived from the broadband SED modeling (see Section 3.3.3). The evolution of E break for the last three SEDs is also consistent with the passage of the cooling frequency ν c ∝ t −αc with α c ∼ 0.5.
A difference of ∆α f = ±0.25 is expected if the cooling frequency lies in between the X-rays/optical bands. Taking into account that α opt,f = 0.703 ± 0.011, α 15−350keV = 0.936 ± 0.015 and α 80keV−8MeV = 0.99 ± 0.05 (Minaev & Pozanenko 2019) , we find that the 15-350 keV/optical emission ∆α f = 0.23 ± 0.02 and the 80 keV-8 MeV/optical emission ∆α f = 0.29 ± 0.05 are consistent with ∆α f = ±0.25. However, this relation does not hold for the 0.3-10 keV/optical emission with ∆α f = 0.642 ± 0.012. Furthermore, the steepness of the X-rays light curve α x,f = 1.345 ± 0.004 implies a softer β x,CR ∼ 1.23, p x ∼ 2.46, which does not agree with neither the observed spectral indexes nor the preferred model for the optical emission. Out of 68 GRBs of Zaninoni et al. (2013) sample, only 19% of GRBs follow ∆α f = 0, ±0.25 for all XRT X-rays/optical light curve segments. GRB 190114C belongs to the 41% of the GRB population that no light curve segments ∆α f satisfy the fireball model conditions for forward shock emission. Additionally, out of 6 GRBs of Japelj et al. (2014) sample with reverse-forward shock signatures, only GRB 090424 fulfils ∆α f = 0, ±0.25.
An alternative to reconcile the optical with the soft X-rays emission is to assume that they belong to two spatially or physically different processes. Supporting the scenario of complex jet structure or additional emission components, we have chromatic breaks that cannot be explained either by a break frequency crossing the band or an external density change (Oates et al. 2011) . For example, a two component-jet would produce two forward shocks that would respectively be responsible for the optical and the X-rays emission at late times (GRB 050802; Oates et al. 2007, GRB 080319; Racusin et al. 2008 ).
Strength of the Magnetic Fields in the Outflow
The reverse shock dynamics have mostly been studied for two regimes (Kobayashi 2000) : thick and thin shell. For thick shell regime, the initial Lorentz factor Γ is bigger than critical value Γ c (Γ > Γ c ) and the reverse shock becomes relativistic in the unshocked material rest-frame such that it effectively decelerates the shell. For thin shell regime (Γ Γ c ), the reverse shock is sub-relativistic and cannot effectively decelerate the shell. From Gomboc et al. (2008) (2) for redshift 0.4245 ± 0.0005 (Castro-Tirado et al. 2019 ), E iso = (2.4 ± 0.5) × 10 53 erg (Frederiks et al. 2019) , prompt bulk emission duration T= 30 s and assuming n = 1 cm −3 .
Our interpretation for GRB 190114C optical afterglow is that the reverse shock peaks at the start or before MASTER observations ≤T 0 + 50 s; the observations from MASTER, UVOT and GCNs are consistent with the reverse-forward shock model of Figure 8 right, the detection of sub-TeV emission at T 0 + 50 s also supports an early afterglow peak as it is thought to arise from external shocks (Mirzoyan 2019; Derishev & Piran 2019) and Ajello et al. (2019) suggest that the T 0 + 10 s emission has already afterglow contribution. Because the optical afterglow is fading straight after the γ-ray prompt emission, GRB 190114C should be either in a thick or intermediate regime, Γ Γ c . For Γ Γ c , the reverse shock emission should initially decay as α r ∼ 3 because of the quick energy transfer by a rarefaction wave (Kobayashi & Sari 2000; Kobayashi & Zhang 2007) , which is not in agreement with the observations. Consequently, Γ should be close the critical value Γ c , Γ ∼ Γ c ; the reverse shock is marginally relativistic at the shock crossing time and the thin shell model is valid.
In order to quantify the strength of the magnetic field in the reverse shock region, Zhang et al. (2003) introduce the magnetic energy ratio R B ; this parameter is derived assuming different magnetic equipartition parameters for forward B,f and reverse shock B,r (the fireball ejecta might be endowed with primordial magnetic fields), no or moderate fireball magnetization (the magnetic fields do not affect the fireball dynamics), same electron equipartition parameter e and electron index p for both shock regions, thin shell regime and the spectral configuration ν m,r < ν m,f < ν c,r ≤ ν c,f at the shock crossing time. Additionally, we assume that the forward shock peaks during RINGO3 observations at t peak,f ∼ 1000 s -masked by reverse shock emis-sion that decays as α opt,r ∼ 1.67 -and that the reverse and forward shock emission are comparable at that time. Therefore, Gomboc et al. (2008) derive
where R t is the ratio between forward and reverse shock peak times R t ≡ t peak,f /t peak,r . Assuming Γ ∼ Γ c and t peak,r ∼ 40 s, we estimate that the magnetic energy density in the reverse shock region is higher than in the forward shock by a factor of R B ∼ 40; the reverse shock emission could have globally ordered magnetic fields advected from the central engine.
Broadband afterglow modeling usually shows levels of B,f ∼ 10 −5 − 10 −1 for the forward shock magnetic equipartition parameter (Panaitescu & Kumar 2002) ; so GRB 190114C is likely weakly magnetized at the deceleration radius. Consequently, magnetic fields are dynamically subdominant and bright reverse shock emission is expected (Zhang et al. 2003; Fan et al. 2004; Zhang & Kobayashi 2005) . However, if B,f ∼ 0.1, as discussed in Derishev & Piran 2019 , the reverse shock does not form due to the high magnetic pressure and the prompt and early steep afterglow decay are not due to shocks but possibly reconnection (e.g., Spruit et al. 2001; Zhang & Yan 2011) .
Maximum Reverse Shock Synchrotron-Self-Compton Energy
The maximum synchrotron energy that can be produced by shock-accelerated electrons is about ν max ∼ m e c 2 /α FS ∼ 100 MeV in the shock comoving frame where α FS is the fine-structure constant. For the observer, this limit is boosted by the bulk Lorentz factor as ν max ∼ 100Γ MeV ∼ 20(Γ/200) GeV. Since the bulk Lorentz factor is less than a few hundred in the afterglow phase, Synchrotron Self-Compton (SSC) processes are favored to explain the sub-TeV emission (Derishev & Piran 2019; Ajello et al. 2019; Fraija et al. 2019; Zhang et al. 2019; Ravasio et al. 2019) .
Considering the longevity of the high energy emission, the SSC emission is likely to originate from the forward shock region. However, the X-ray flux observed in GRB 190114C is comparable to the sub-TeV flux observed at the same time. The order-of-unity Compton-y parameter implies a magnetized emission region with a relatively high microscopic parameter B,f ∼ 0.1 (Derishev & Piran 2019) . Since high magnetization is expected in the reverse shock region, we here briefly discuss the reverse shock SSC.
The typical random Lorentz factor of electrons in the reverse shock region is about γ m,r ∼ ( e /3)(m p /m e ) ∼ 20( e /3 × 10 −2 ) at the onset of the afterglow, and it cools due to the adiabatic expansion of the shock ejecta as γ m,r ∝ t −2/7 (Kobayashi 2000) . Since the typical value is lower by a factor of order Γ than that in the forward shock region, it is difficult to produce very high energy emission in the reverse shock region even if a higher-order inverse Compton (IC) component is considered (Kobayashi et al. 2007 ). If the intermediate photon energy in the higher-order IC scattering (i.e. the photon energy before the scattering in the electron comoving frame) is too high, the Klein-Nishina effect suppresses the higher-order IC scattering. Since the intermediate photon energy can be as high as ∼ 100 keV ( m e c 2 ) and still be in the Thomson limit, the maximum IC energy is at most 100 γ m,r Γ keV ∼ 3(γ m,r /100)(Γ/300) GeV. Basically, the same limit can be obtained by considering that electrons with random Lorentz factor γ e should be sufficiently energetic Γγ e m e c 2 hν IC to upscatter a low-energy photon to a high-energy hν IC .
Structure of the Magnetic Fields in the Outflow
Whilst the magnetization degree determines the strength of the magnetic field, GRB linear polarimetry directly informs of the degree of ordered magnetic fields in the emitting region (e.g., length scales and geometry).
Theoretically, synchrotron emission can be up to 70% polarized (Rybicki & Lightman 1979) , but this can be further reduced due to: inhomogeneous magnetic fields (e.g., highly tangled magnetic fields, patches of locally ordered magnetic fields), a toroidal magnetic field viewed with a line-of-sight almost along the jet axis, the combination of several emission components endowed with ordered magnetic fields but with different polarization components (e.g., internal-external shocks) or the combination of reverse-forward shock emission. Additionally, if the reverse shock is propagating in a clumpy medium, polarization levels could be also reduced (Deng et al. 2017 ). If the emission region contains several independent patches of locally ordered magnetic fields, the degree and direction of polarization should depend on time as the process is stochastic.
In Section 4.1, we have discussed that the steep-toflat behavior of GRB 190114C optical light curve is most likely due to a reverse-forward shock interplay. If the reverse shock emission is highly polarized, this implies that one should see a decline of the polarization degree as the unpolarized forward shock emerges (GRB 120308A; Mundell et al. 2013) . We detect constant 2 − 4% polarization degree in all three bands from the start of RINGO3 observations ∼ T 0 + 200 s to ∼ 2000 s postburst, when the fraction of reverse to forward flux density declines from ∼ 0.97 to ∼ 0.33. This contrasts with the higher value of P = 10 ± 1% measured during the early light curve of GRB 090102 (Steele et al. 2009; Gendre et al. 2010) , which shows a similar light curve behavior of steep-to-flat decay typical of a combination of reverse and forward shock emission. At the polarization observing time, the modeling of GRB 090102 afterglow (α r = 1.987 ± 0.012, t peak,f = 205 ± 38 s) indicates that the proportion of reverse to forward shock emission was 0.58. Therefore, the polarization degree could have been higher for GRB 090102 at early times if the reverse shock emission is polarized (i.e. the ejecta contains large-scale ordered magnetic fields). We now suggest possible scenarios to explain GRB 190114C constant 2 − 4% polarization degree.
Dust-induced Polarization: Low Intrinsic
Polarization in the Emitting Region GRB 190114C is a highly extincted burst, which complicates polarization measurements intrinsic to the afterglow. Because of the preferred alignment of dust grains, dust scattering in the line-of-sight can induce non-negligible degrees of polarization that vectorially add to the intrinsic afterglow polarization; late-time polarimetric studies of GRB afterglows show few percents of polarization (e.g., Covino et al. 1999 Covino et al. , 2004 Greiner et al. 2004; Wiersema et al. 2012) . For GRB 190114C line-of-sight, the polarization of the star in the field P {BV,R,I} = 0.3 ± 0.1%, 0.1 ± 0.1%, 0.3 ± 0.1% gives an estimation of the polarization induced by Galactic dust. For the host galaxy, we estimate the dust-induced degree of polarization with the Serkowski empirical relation (Serkowski et al. 1975; Whittet et al. 1992 )
where λ max (µm) = R V /5.5, K = 0.01 ± 0.05 + (1.66 ± 0.09)λ max and P max 9 E B−V . We introduce the redshifted-host effect λ max −→ (1 + z)λ max, HG Wiersema et al. 2012 ) and we assume MW extinction profile with E B−V,MW = 0.0124 ± 0.0005 (Schlegel et al. 1998 ) and SMC profile for the host galaxy with E B−V,HG = 0.51 ± 0.04. Taking into account the shape of RINGO3 bandpasses, we find that the maximum polarization degree induced by the host galaxy dust is P {BV,R,I} 3.9%, 4.5%, 4.5%, compatible with the constant 2 − 4% polarization degree of the GRB.
Depending on the relative position of the polarization vectors (the alignment of dust grains to the intrinsic polarization vector of the ejecta), dust could either polarize or depolarize the outflow. If dust was depolarizing the intrinsic polarization, this would mean a gradual rotation of the angle as the percentage of polarized reverse shock photons decrease. The constant angle and polarization degree favors the interpretation that the ∼ 2−4% ordered component is compatible with dust-induced levels (see Figure 4) ; i.e. the intrinsic polarization is very low or negligible.
Distortion of the Large-Scale Magnetic Fields
Although the early afterglow modeling implies that the ejecta from the central engine is highly magnetized for this event, the polarization degree of the reverse shock emission is very low 2 − 4% and the polarization signal is likely to be induced by dust. This is in contrast to the high polarization signals observed in other GRB reverse shock emission (GRB 090102; Steele et al. 2009, GRB 101112A; Steele et al. 2017, GRB 110205A; Steele et al. 2017, GRB 120308A; Mundell et al. 2013) .
One possibility is that the low degree of polarization arises from other emission mechanisms in addition to synchrotron emission. Since the optical depth of the ejecta is expected to be well below unity at the onset of afterglow, most synchrotron photons from the reverse shock are not affected by IC scattering processes (the cooling of electrons is also not affected if the Compton y-parameter is small). The polarization degree of the synchrotron emission does not change even if the IC scattering is taken into account. However, the polarization degree is expected to be reduced for the photons upscatterred by random electrons (i.e. SSC photons; Lin et al. 2017) . We now consider whether this can explain the observed low polarization degree of the reverse shock emission.
If the typical frequency of the forward shock emission is in the optical band ν m,f ∼ 5 × 10 14 Hz at t ∼ 10 3 s as our afterglow modeling suggests (the right panel of Figure 8 ), it should be about ν m,f ∼ 6 × 10 16 Hz at the onset of afterglow (t d ∼ 40 s). Since the typical frequency of the reverse shock emission is lower by a factor of ∼ Γ 2 (this factor weakly depends on the magnetization parameter R B , but the inclusion of a correction factor does not change our conclusion; see Harrison & Kobayashi (2013) for more details), it is about ν m,r ∼ 9 × 10 11 Hz at that time for Γ ∼ Γ c = 260. Assuming random Lorentz factor of electrons in the reverse shock region γ m,r ∼ 20( e /3 × 10 −2 ), the typical frequency of the 1st SSC emission is in the optical band ν IC m,r ∼ γ 2 m,r ν m,r ∼ 4 × 10 14 Hz. The optical depth of the ejecta at the onset of afterglow is given by τ = σ T N e /4πR 2 d ∼ (σ T /3)ΓnR d ∼ 10 −5 n where σ T is the Thomson cross section, N e is the number of electrons in the ejecta, R d ∼ 2cΓ 2 t d ∼ 2 × 10 17 cm is the deceleration radius, and we have used the fact that the mass of the ejecta is larger by a fac-tor of Γ than that of the ambient material swept by the shell at the deceleration time. The spectral peak power of the 1st SSC emission is roughly given by F IC max ∼ τ F max,r where F max,r is the spectral peak power of the reverse shock synchrotron emission (e.g., Kobayashi et al. 2007 ). The ratio of the contributions from the 1st SSC and the synchrotron emission to the optical band is about τ F max,r /(F max,r (ν opt /ν m,r ) −(p−1)/2 ) ∼ τ (ν opt /ν m,r ) 1/2 ∼ 6 × 10 −4 n at the onset of the afterglow. Since the synchrotron emission dominates the optical band, the IC process does not explain the low polarization degree.
Consequently, we suggest that GRB 190114C largescale ordered magnetic fields could have been largely distorted on timescales previous to reverse shock emission (see also GRB 160625B; Troja et al. 2017) . We speculate that the detection of bright prompt and afterglow emission from TeV to radio wavelengths in GRB 190114C, coupled with the low degree of observed optical polarization, may be explained by the catastrophic/efficient dissipation of magnetic energy from and consequent destruction of order in primordial magnetic fields in the flow; e.g., via turbulence and reconnection at prompt emission timescales (ICMART; Zhang & Yan 2011; Deng et al. 2015 Deng et al. , 2016 Bromberg & Tchekhovskoy 2016) . For GRB 190114C, reconnection could be a mechanism for the production of the high-energy Fermi-LAT photons that exceed the maximum synchrotron energy (another possibility is SSC; Ajello et al. 2019) ; the early steep afterglow could be due to reconnection if the forward shock magnetization is high B,f ∼ 0.1 (Derishev & Piran 2019) , as the afterglow modeling indicates that the magnetization of the reverse shock region is even higher (see Section 4.3).
The sample of high-quality early time polarimetric observations of GRB afterglows remains small (< 10) and for prompt emission, smaller still (2). Future high quality early time polarimetric observations at optical and other wavelengths are vital to determine the intrinsic properties of GRB magnetic fields and their role in GRB radiation emission mechanisms.
CONCLUSIONS
The early-time optical observations of GRB 190114C afterglow yields an important constraint on the shock evolution and the interplay between reverse and forward shock emission. The steep-to-flat light curve transition favors the presence of reverse shock emission with the forward shock peaking during RINGO3 observations.
The forward-reverse shock modeling suggests that the microscopic parameter B is higher by a factor of ∼ 40 in the reverse shock than in the forward shock region. It indicates that the fireball ejecta is endowed with the primordial magnetic fields from the central engine. Since we have successfully modelled the early afterglow in the forward-reverse shock framework, the outflow is likely to be baryonic rather than Poynting-flux-dominated at the deceleration radius. However, if the observed sub-TeV/X-ray flux ratio requires a high microscopic parameter B,f ∼ 0.1 in the forward shock region, the magnetic pressure in the ejecta would suppress the reverse shock. The reconnection process might be responsible for the prompt/early γ-rays as well as the early optical emission.
GRB 190114C multi-band polarimetry shows P = 2 − 4% polarization degree consistent with dust-induced levels from the highly extincted host galaxy. The low intrinsic polarization signal is in contrast to P > 10% measured previously for the events which show a signature of reverse shock emission (i.e. steep rise or decay). Forward shock SSC emission is favored for the origin of the long-lasting sub-TeV emission (we have shown that reverse shock SSC is not energetic enough to produce the sub-TeV emission). We have also tested whether reverse shock SSC emission can explain the low optical polarization degree -the polarization degree of the photons upscattered by random electrons would be lower than that of the synchrotron photons. Although a magnetized reverse shock region can more easily achieve the low Compton y-parameter which high energy observations suggest, we show that the 1st SSC component in the optical band is masked by the synchrotron component. The IC process does not explain the low polarization degree. Instead, the unexpectedly low intrinsic polarization degree in GRB190114C can be explained if large-scale jet magnetic fields are distorted on timescales prior to reverse shock emission.
A larger, statistical sample of early-time polarization measurements with multi-wavelength information is required to understand timescales and mechanisms that cause distortion of the large-scale ordered magnetic fields and ultimately constrain jet models.
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